We construct a dynamic discrete choice model, in which firms make decisions to retain or replace their auditor in multiple time periods. We derive from the discrete-choice probability framework how auditor choice probabilities depend on past auditor tenure and size. For firms with auditor tenures beyond the mandatory rotation rule, a switch to a non-Big 4 relatively to a Big 4 is associated with much lower switching costs. Results from counterfactual analysis show that the long-run annual switching rate should increase by 9 (3) percentage points with a 5-year rotation rule (10-year rotation rule), and these switching rates also increase with tenure by 30 (35) percentage points in the last year of the 5-year (10-year) mandatory term, and lastly, the Big 4 market share drops from 54% to 32%, absent any rule, which falls to 18% (26%) in the long run after a 5-year (10-year) rotation rule. For a firm currently with an auditor tenure of less than the mandatory term, a 5-year (10-year) mandatory rotation rule reduces on average the option value of keeping the auditor by 7% (3%) relative to the case with no mandatory rotation.
with the new client accounting systems.
Examining the effects of mandatory rotation in the US auditing market faces several challenges.
Because US firms are not required to rotate audit firms, we do not observe the counterfactual world with mandatory rotation. Moreover, because forward-looking firms account for the implication of their current auditor choice on the future utility, imposing mandatory rotation might cause firms to behave differently from what they would have absent any rule. For example, if a firm anticipates that it will be forced to change to another auditor, it might start shopping for eligible auditors earlier in the process than absent any rule in order to obtain a good match, and hence, we could observe a higher switching rate if the mandatory rotation rule is adopted.
We deal with these challenges by using a dynamic discrete choice model. The model explicitly accounts for the effects of firms' auditor choices on their current utility versus expected future utility.
We first use the model to understand the short-run and long-run utility loss firms incur when switching relative to keeping incumbent auditors, which we call switching costs. We then examine the counterfactual short-run and long-run switching costs associated with mandatory auditor rotation, its impact on auditor market shares and the probability of switching to another auditor, and the consequences on the firm's surplus in the short and long run.
In our model, firms make decisions to retain or replace their auditor in multiple time periods.
Choosing an auditor first accounts for its effects on firms' payoff today (called period utility). The period utility associated with a chosen auditor represents net benefit or cost that the firm obtains from the auditor today. To maintain a simple structure, the period utility contains two observable factors, i.e., auditor tenure (length of a firm's relationship with its existing auditor) and auditor size, plus auditor-specific random shocks. We argue that auditor tenure captures the reduction of uncertainty in assessing the match quality between the firm and the auditor or the auditor's "learning by doing" as time passes. Auditor size relates to separating Big 4 and non-Big 4 auditing firms. We want to examine whether keeping a Big 4 auditor could generate higher utility than a non-Big 4, and whether switching from a non-Big 4 to a Big 4 might generate additional utility losses relative to the other way around. The auditor-specific random shocks reflect factors not captured by auditor size and tenure, for example, a disagreement between the firm and the auditor on audit fees and services, or on the report, the firm's decision to go opinion-shopping, conflicts of interest, a change of company ownership, or the firm's need for more specialized auditing firm.
The innovation of this paper is that firms account for not only the period utility but how the decision today impacts the value of making subsequent decisions in the future, i.e., the discounted expected future utility conditional on the current auditor choice and the firm's expectation about the future states, that is, the evolution of auditor tenure and incumbent auditor identity (Big 4 or non-Big 4). Despite a large literature on dynamic discrete choices, the conditional choice probability, hereafter CCP, method has not been applied to auditing research. Isolating the expected continuation payoff is key to our research question. We estimate our model and recover the effects of auditor tenure and size on firms' auditor choices.
The CCP method employed in this paper builds on the seminal work of Hotz and Miller (1993) . One of their core insights was to show that we can easily express the individuals' expectations in the future (or future expected utility) as simple functions of the probabilities that particular choices occur, given the observed state variables. The CCP method offers several benefits: the CCP-based estimators are easy to implement and light in computer programming to take a model to data. Only a simple Stata package is needed to use our empirical friendly estimator. Still, this method accommodates for dynamics.
First we adapt the Rust (1987) model to the firm's decision to replace or keep its incumbent auditor using the auditor tenure as the only state variable. This simple research design aims at examining the learning curve between the firm and the auditor or the auditor's "learning by doing," as argued above.
We first compute the switching cost associated with replacing an incumbent auditor, which is the total loss of utility (period plus expected future utility) of replacing an incumbent auditor relative to keeping it. If a firm has to switch its auditor after an audit engagement of less than two years, the incurred utility losses are not as large compared to a firm switching after a long auditor tenure, probably because the learning about the match quality or learning by doing is not yet established.
To recover from the total losses due to a switch, it takes on average 1.5 years after a switch from an incumbent auditor with a tenure between 3 and 6 years, and on average 2 years after a switch from an incumbent auditor with a tenure between 7 and 11 years. We also find that the importance of expected future utility on the decision to keep an incumbent auditor increases with auditor tenure.
Until 5 years of tenure, the period utility losses are more than double the losses of the expected future utility, whereas beyond 5 years of tenure, the loss of expected future utility becomes heavier, almost at par with period losses after 11 years of tenure.
We next extend the model to incorporate auditor size by differentiating between Big 4 and nonBig 4 auditing firms. First, we find that auditor tenure becomes much less important in the firms' decisions. Second, switching to a Big 4 regardless of the incumbent auditor's type comes at a much larger total utility loss relatively to switching to a non-Big 4: if the incumbent auditor is a Big 4 (non-Big 4), a switch to a Big 4 relatively to a switch to a non-Big 4 is on average 1.775 ( 5.128) times more costly. To make up for the total losses following a switch from an incumbent auditor with a tenure of less than 10 years, it takes more time if a firm switches to a Big 4 than to a non-Big 4: the recovery time is on average 3.5 years after switching within Big 4 auditors and 5.3 years from a non Big 4 to a Big 4, whereas it only takes 2.1 years from a Big 4 to a non Big 4, and 1.1 years within the non-Big 4.
A higher switching cost from non-Big 4 to Big 4 than from Big 4 to non-Big 4 implies a reduction in the Big 4 market share over time because it is more costly to switch back to a Big 4 once a firm ends with a non-Big 4. This force, however, is balanced by a longer average tenure of Big 4 auditors in the data, which increases the likelihood of keeping the incumbent auditor, and by the entry and exits of firms over time. Specifically, about 77% of new firms choose a Big 4 auditor. About 12% of non-Big4 clients disappear every year compared with only 6% of Big4 clients (due to acquisition or bankruptcy).
Holding constant firm preferences for auditors, that is, the effects of auditor tenure and size on the period utility, we forward-simulate the counterfactual auditor choices for firms in the last year of our sample under the cases in which these firms are forced to switch their incumbent auditors if auditor tenure exceeds 5 and 10 years. Fixing the period utility allows us to isolate the changes in Big 4 market share and the probability of switching incumbent auditors that are driven by firms being forward-looking about the likelihood of mandatory rotation.
Our counterfactual analysis identifies an increase in long-run annual switching rate by 9 (3) percentage points with a 5-year rotation rule (10-year rotation rule). The increase in the switching rate is driven by a decrease in the benefit associated with keeping an incumbent auditor with mandatory rotation. Consistent with this, we find that for a firm currently with an auditor tenure of less than the mandatory term, a 5-year (10-year) mandatory rotation rule reduces on average the option value of keeping the auditor by 7% (3%) relative to no mandatory rotation. Firms are also more likely to switch as they get closer to the end of the 5-year (10-year) mandatory term, ranging from 27% (25%) in the first year of tenure to 52% (51%) in the last year of tenure, representing an increase relatively to no rule in place by 3 (0) percentage points in the first year of tenure and 30 (35) percentage points in the last year of the mandatory term relatively to no rule in place. For firms that initially had auditor tenures beyond the mandatory rotation rule and were forced to switch, a switch to a non-Big 4 is associated with a lower total utility loss, accounting for 64.6% (66.1%) of the total utility loss of switching to a Big 4 given the incumbent auditor is a Big 4 (a non-Big 4). Finally, our simulation predicts a drop in the Big 4 market share, absent any rule from 54% to 32%, which would fall to 18% (26%) in the long run after a 5-year (10-year) rotation rule. The reason for the drop is that mandatory rotation increases the rate of switching. Because the cost of switching from a Big 4 to a non-Big 4 is lower than that of switching from non-Big 4 to Big 4, an increase in the switching rate leads to more firms staying with non-Big4 than with Big 4.
Literature Review
Our paper is related to a vast theory literature on auditing firms. Audit technology is typically characterized by significant start-up costs and thus the incumbent auditor can earn client-specific "quasi-rents" as described by DeAngelo (1981a) . A firm is less likely then to switch as time passes because the incumbent auditor possesses cost advantages over potential competitors. At the same time, an incumbent auditor has also incentives to act opportunistically to preserve his client-specific quasi-rent stream, and could threaten the auditor's independence (Tseng and Magee 1990; Kanodia and Mukherji 1994) . The theoretical literature has modeled several reasons for auditor switches. First, the separation between the firm and the auditor occurs once learning about mismatch is established Mortensen (1988a,b) . Second, asymmetric information exists at the time of the switch: Kanodia and Mukherji (1994) show that the switch is the firm's response to the incumbent auditor's informational advantage and the firm seeks to limit these rents by using the power of competition in the market for auditors. Dye (1991) and Teoh (1992) demonstrate that an auditor switch occurs due to disagreement with the client on the content of the report to outside parties, and the client firm who knows the auditor to be wrong will switch auditors to find a new auditor who is more likely to be correct. In our paper, we do not explain the specific reasons for an auditor switch, but view auditor tenure as a primitive in determining the firm's decision to retain their incumbent auditor or switch to another auditor, and root our measure of switching costs to a decision-based model.
The literature typically differentiates between Big 4, namely KPMG, PriceWaterhouseCooper, Ernst and Young and Deloitte, and Non Big 4 auditing firms. We account for Big 4 versus Non Big 4 auditing firms to estimate the switching costs in the short and long run. Big 4 firms are usually perceived as proving higher auditing services because they have more expertise and stronger incentives to maintain high quality services audit quality given that they need to preserve their reputation (DeAngelo 1981b) , have deeper pockets and hence their expected legal cost of audit failure is more significant, which disciplines auditors (Dye 1993) and benefit from more resources to attract more competent employees, provide high quality training, and develop high quality audit technologies (Dopuch and Simunic 1980) . So far, most empirical papers studying the potential impact of auditor rotation use audit firm tenure as a proxy for rotation to establish connections between rotations and audit quality measures, and to predict the effect of rotation policies (e.g., DeFond and Zhang 2014 for further details). Long auditor tenures could impede the auditor's objectivity and critical judgement by encouraging the auditor to overlook the information provided by the firm and issue a clean opinion without exerting his due diligence to secure his stream of very profitable future cash flows. At the same time, a longer auditor tenure allows the auditor to learn about the firm's business and enhances audit quality (Ghosh and Moon 2005) . Empirical evidence is mixed regarding the association between auditor tenure and audit quality.
A direct setting to address the consequences of mandatory audit firm rotation is limited, due to the lack of changes in regulatory requirements to impose rotation policies. 4 Andersen offered some opportunity to study the effect of forced auditor rotation (e.g., Blouin, Grein and Rountree 2007) but the circumstances and the financial environment at the time were quite unique.
Closer to our approach are theory-based papers. Structural estimation has been a method extensively used in economics and marketing. This literature is deep and we only reference a couple of studies to place our paper. In particular, the method that we use in this paper which belongs to the estimation of dynamic discrete choice structural models has been widely studied as surveyed by Aguirregabiria and Mira (2010) . In marketing, dynamic consumer choice models are designed to measure how past usage of a product and advertising impact consumers' behaviors in choosing a brand (as a reference, see Erdem and Keane (1996) ) or focus more on switching costs and how the market structure and competition can modify consumers' choices (Klemperer 1987 (Klemperer , 1995 . In accounting, the only paper in auditing, to our knowledge, using a similar approach to ours is Gerakos and Syverson (2015) , where they model firms' auditor choices in a static discrete choice estimating the demand of audit services, and predict the negative effects of mandatory rotations and the exit of a large auditing firm.
Dynamic discrete choice model
We estimate a dynamic discrete choice model of the firm to retain its incumbent auditor or replace him by another one. We apply a conditional choice probability approach to estimate the firm's auditor choices and costs of switching incumbent auditors in different specifications. The firm is a forward looking decision maker not only caring about the current period utility but also the stream of expected future utility.
We want to estimate how auditor tenure affects the firm's choice in deciding whether to keep its current auditor or switch to another one. As a first path, we borrow the bus engine example developed in Rust (1987) and apply it to the auditing framework, where the auditor tenure is the state variable. This baseline model introduces several features that are of interest: (i) it models the auditor's switching choice in a simple but yet dynamic model, (ii) the state variable captures in reduced form a learning model. A longer auditor tenure is assumed to map into a reduction of the uncertainty about knowing whether the auditor is a good match. Alternatively, an auditor also learns more about the firm as time passes.
In subsequent sections, we extend the model to account for the auditor size to influence the firm's choice. The auditing market is concentrated and characterized by two types of auditors: it comprises four large auditing firms, commonly referred as the Big-4 auditing firms, that controls 61.8% of the market in 2015 and on average, roughly 60% of the market over our sample period from 2004 to 2015, and 1,153 smaller auditing firms, hereafter, the non-Big 4. We augment the number of choices to include a switch to all specific Big 4 or to a non-Big 4. This extended model can also accommodate to study the differences between switching to another auditor of the same type (Big 4 or non-Big 4) or switching to an auditor of a different type (Big 4 to non-Big 4 and vice versa).
Baseline Model
In each period t, a firm makes a binary decision d t = (d t,1 , d t,2 ): (i) either the firm decides to terminate its relationship with its current auditor by choosing d t,1 = 1 or (ii) the firm retains its incumbent auditor for at least one more period by choosing d t,2 = 1 such that
The firm's current period utility depends on its action, i.e., retention or replacement of its incumbent auditor. Specifically, the current utility includes the following terms:
The variable x t ∈ {1, 2, ...}, is the auditor tenure, that is, how many years of experience the auditor has acquired since the last switch, observable to the econometrician. The vector t = ( t,1 , t,2 ) represent the choice-specific error vector unobserved to the econometrician. The error terms t,1 and t,2 are realized and observed by the firm in each period. Auditor tenure increases by 1 year if the firm retains the current auditor and is set to 0 for the current period if the firm switches to another auditor (so the next period tenure is one). Specifically,
The auditor tenure is bounded above at 19 years. 6 Further, the error terms t,1 and t,2 are identically, independently drawn from a multivariate extreme value type I distribution. This assumption on the distribution of the choice specific error term makes the expressions particularly simple for the estimation procedure.
In discrete choice models, only differences between choices matter and we normalize the current period payoff of the first choice to t,1 . The normalization implies θ 0 + θ 1 x + t,2 − t,1 measures the net cost or benefit of keeping the current auditor in period t for another period in comparison to switching to another auditor.
We assume that the firm discounts the future at rate β = 0.92, which corresponds to an 8.7% equity premium, and solves a dynamic model, where it takes into account the current period payoff as well as how its decision today will affect the future. The firm does so by choosing a sequence of optimal choices d * t , for all possible realizations of the unobserved variable t and the observed variable x t in each time period t. Formally, the firm maximizes the following objective function in a sequence of discrete choices d t :
2)
) is an auditor choice in period t, x t ∈ {0, 1, . . .} is the current auditor tenure.
Let the the ex ante value function at the beginning of period t be denoted
The value function conditional on a choice j yields
(2.3) 6 In the data, auditor tenures beyond 19 years represent 11.4% in 2015. We restrict the auditor tenure by this upper bound of 19 years, because the switching rate is only 3.4 %, a much lower rate than 21.8% when tenure is one year.
If the firm decides to switch, regardless of its current auditor tenure, the value conditional on switching is v 1 (1) = v 1 (x + 1) = βV (1). The conditional choice probabilities are then given by
(2.4) Arcidiacono and Miller (2011) , in equations (3.6) and (3.19), show that the conditional value function can be written as
where γ is the Euler's constant. The expressions above show that the value of each choice depends on the current utility to each choice and the value going forward available following each choice. In the context of the CCP, only the difference between the values is relevant, which yields
Difference in the expected utility of keeping and switching incumbent auditor .
(2.6)
Differences in values imply differences in the likelihood of selecting one action over the other. Since there is a one-to-one correspondence between the value function difference, that is, the expected future utility difference, and the probabilities of choosing actions, as shown in Proposition 1 in Hotz and Miller (1993) , it is possible to replace this value difference with a function of the probabilities of taking one or the other action.
Extended Model
We extend the baseline model to allow for switching across different auditors, namely, the individ- auditor to a non-Big 4 auditor, we will randomly assign one of the two non-Big 4 auditors modeled.
If we start with a firm working with a non-Big 4 auditor, we randomly assign one of the two auditors.
If subsequently, this firm decides to switch to another non-big 4, we will assign the other non-Big 4 auditor of the model.
Adapting the baseline model to these 6 choices, the state variable k ∈ {1, 2, 3, 4, 5, 6} represents the individual auditing firm. For i ∈ {1, 2, 3, 4}, the auditing firm k = i represents a Big 4 firm whereas the auditing firms k = 5 and k = 6 are non Big 4.
So far, we have implicitly assumed that all the firms have identical preferences when it comes to deciding between keeping their current auditor or switching to another one. In the Rust model, our state variable x t transitions in a deterministic way: the probability of x t+1 given the auditor tenure x t in the previous period and the choice d t is either zero if the firm replaces the auditor or one if the firm retains the auditor. To account for the heterogeneity in the firms, we introduce another state variable η t , representing the size or the growth of the firm for example. We assume this additional state variable might be correlated with the other state variable k but is independent of the choice specific error terms.
We adapt the current utility to allow for those six choices as follows:
The coefficient α k,j represents the value of switching to an auditor j (j = k) when the prior auditor is k. θ k represents the value of experience and α k,k represents the value of auditor k when the firm
Now suppose the state variable η takes N values from {η 1 , ..., η N }. Define the Markov transition matrix as
where π mn is the probability of η = η n given η = η m . Define the conditional value function v j (x, k, η) and the ex-ante value function as column vectors of length N
With a slight abuse of notation, define α k,j = α k,j 1, where 1 is a column vector of ones with length N . Define other α, θ, and γ (the Euler constant) similarly. The discount factor β, δ, the state variables x and k remain scalars. The value functions conditional on a choice are given by:
which means that if j = k, the firm keeps the auditor k with whom he has worked for x years. If j = k, the firm switches to another auditor j. The modeling assumption on the non-Big 4 auditing firms implies that the only parameters that differentiate the two non-Big 4 auditors modeled are the iid error terms t,5 and t,6 . In other words, ∀k ∈ {5, 6}, the coefficients of the non-Big 4 auditors are identical, that is, ∀j, α 5,j = α 6,j , θ 5 = θ 6 , δ 5,j = δ 6,j , α j,5 = α j,6 , δ j,5 = δ j,6 . We can express the conditional value functions as
Expression (2.8) and (2.9) are valid for any x. Thus,
These above expressions are proven to be useful to derive the estimation procedure. Note that when the firm is not forward-looking, that is, β = 0, the choice specific value function becomes
which is simply the period utility of switching from auditor k to j. Accounting for dynamic decisions means that future choice probabilities become relevant for current decision making, which are captured by the terms multiplied by the discount factor β.
Sample Selection and Descriptive Statistics
We collect To construct our sample, we require non-missing auditor tenure observations and the previous year's auditor choice. First, to compute auditor tenure, the dates that firms initially hired an auditor must be available. Whenever Audit Analytics does not provide this information, we search for it from
Compustat. Next, the previous fiscal year's auditor choice must be non-missing to ensure that we properly accumulate auditor tenure. Our final sample contains 133,321 firm-year observations for which we have information for auditor tenure. increases, the probability of switching to another auditor decreases overall, illustrating the learning curve between the client firm and the auditor. However, we observe a jump in the probability of switching when the incumbent auditor is a non-Big 4, but the estimate is likely to be inaccurate because the number of observations in this category is only 160. The probability of switching when the incumbent auditor is a Big 4 does not feature any anomaly and steadily decreases as auditor tenure increases, and consistently remains below the probability of switching when the incumbent auditor is a non-Big 4, ranging from 12% after 1 year of tenure to 1% after 19 and above years of tenure for a Big 4 against 25% after 1 year of tenure to 11% after 19 and above years of tenure for a non-Big 4.
The negative relation between auditor tenure and auditor switch provides support that auditor tenure is a determining factor in explaining the decision to keep or switch auditing firms. Clearly, the distinction between Big 4 and a non-Big 4 auditing firm matters in the firm's decision to switch. A Big 4 auditor seems to make the probability of switching significantly lower especially after a tenure of 8 years, where the probability of switching drops below 5%, plausibly because the quality of the match between the client firm and the auditor is established, or the auditor has an informational advantage about the firm over his competitors that significantly increases the firm's switching costs, and the potential strong negative market response to a switch after a relatively long tenure might constrain the firm to keep its auditor.
We further decompose in Figure 3 the probability of switching to another auditor of a different Figure 3a shows the probability of switching given the incumbent auditor firm is a Big 4. With a Big 4 incumbent auditor, firms rarely decide to switch to another auditing firm. When tenure with a Big 4 is shorter than four years, the firm is slightly more likely to switch to a non-Big 4. Beyond 4 years, the probability of switching to another Big 4 auditor is slightly larger than to a non-Big 4, but remain at low levels, roughly 4%. As tenure increases, the probabilities of switching quickly drop below 4% after 6 years of tenure. In Figure 3b , the probability of switching with a non-Big 4 auditor exhibits very different patterns: the probability of switching to another non-Big 4 is significantly larger ranging from roughly 25% between 1 and 3 years of tenure to 5% after 18 years of tenure. Given a tenure of less than 11 years with an incumbent non-Big 4 auditor, the probability of switching remains at relatively high levels but sharply drops from 25% with a tenure less than 3 years to 10% after 11 years of tenure. The probability stabilizes from 11 to 15 years to 10%, and temporarily increases at 16 years to attain lower levels of less than 10% of probability of switching. The increase is partially driven by bad firm performance.
Estimation 4.1 Baseline Model Estimation
From Hotz and Miller (1993) we know that when x is an observed variable, we can substitute a first-stage estimate,p 1 (x), for p 1 (x). We can now derive the likelihood of replacing the auditor given the first-stage conditional choice probabilities. Writingp 1 as the vector of conditional choice probabilities and d nt ≡ {d nt,1 , d nt,2 }, we denote the likelihood value for auditor n at time t by l(d nt |x nt , s n ,p 1 ) given by the expression:
We can run a multinomial logit to estimate in second-stage the parameters. Rust (1987) shows that the discount factor β is poorly identified. To run the estimation, we set β = 0.92, which corresponds to an equity premium of 8.7%. The results are not sensitive to β = 0.9 (an equity premium of 11%)
or β = 0.95 (an equity premium of 5.3%) .
Extended Model Estimation Estimation without the transition matrix
We first estimate the model by assuming the state space is a singleton, that is Π = 1, and the conditional value functions do not depend on η. We simplify the conditional value functions to the following expressions.
We now normalize by the conditional value function v j (x, k) for j = k. We can write the CCP of replacing the auditor k with x years of experience by auditor j as:
The conditional value function differences v i (x, k) − v j (x, k) can be further classified into two cases: (1) keeping the incumbent k relative to switching to a different auditor k, j = k, (2) switching to one auditor i relative to switching to another j when incumbent auditor is k, i = j = k:
Estimating the model using a logit requires specifying a baseline group, which is chosen as non-big4, say auditor 5. Because we do not differentiate the identity of non-Big 4 auditors, we impose the following constraints: θ 5 = θ 6 , α 5,5 = α 6,6 , α 5,k = α 6,k and α k.5 = α k,6 ∀k ∈ {1, 2, 3, 4}.
1. The difference between the conditional value of switching to another auditor different from auditor 5 and the conditional value of switching to auditor 5 yields
2. The difference between the conditional value of keeping the same auditor different from auditor 5 and the conditional value of switching to auditor 5 yields
3. The difference between the conditional value of switching from auditor k = 5 to auditor j = k, that is, ∀j ∈ {1, 2, 3, 4, 6} the conditional value of keeping auditor 5 yield
where
To identify the model, we set α k,5 = 0, ∀k ∈ {1, 2, 3, 4, 6}. All the normalizations boil down to capturing that regardless of the identity of the incumbent auditor, replacing it by a non-Big 4 yields the same start up costs α k,5 . This assumption is realistic given that we do not differentiate the identity of non-Big 4 auditors.
Estimation routine
To use the multi logit built-in function asclogit, we need to create the choice-specific indicator variables: 1 k =5,k =j , 1 k =5,k=j and 1 k=5,k =j . We can then have:
To estimate the model, the data should be transformed into an alternative specific format, that is, each firm year will have 6 observations representing 6 potential alternatives that the firm can choose from. The estimation follows three steps.
The first step is to pre-compute all the choice probability terms using the sample average. For example, p 5 (1, k) is simply the probability of choosing auditor 5 given an incumbent auditor k with one year tenure. Note that these probability terms are alternative specific, that is, they change depending on the potential auditor choice j. They also vary with the state variables, that is, the incumbent auditor identity k and tenure x. We name this alternative specific variable dCCP .
The second step is to multiply auditor tenure with the choice specific dummies as in (4.3). There are multiple ways to estimate the auditor-specific coefficients θ k . The simplest way is to create 6 interaction variables of the incumbent auditor dummy 1 k with adjusted incumbent auditor tenurex.
When k = 5, the adjusted incumbent auditor tenure takes zero if the potential choice is not k, and x is the potential choice is k. When k = 5, the adjusted incumbent auditor tenure is just x. Specifically, this means 5) where the first line of (4.4) corresponds to the first line of (4.3), the second line of (4.4) corresponds to the second line of (4.3), and (4.5) corresponds to the third line of (4.3).
The reason for doing the adjustment above is to avoid creating too many dummy variables, which can make the estimation messy. The stata package asclogit distinguishes between alternative specific variables and alternative invariant variables. From (4.3) and (4.5), when the incumbent auditor is 5, 1 k=5x is not alternative variant because the term appears in all alternatives j and therefore should be put into the alternative invariant category. 7 In contrast, when the incumbent auditor is not 5, 1 k =5x is alternative variant because it appears only for alternative k = j.
The third step is to estimate an alternative specific logit model asclogit. The choice specific terms include the choice probability terms from the first step dCCP and the adjusted tenure variable from the second step 1 k =5x . The choice invariant terms include the incumbent auditor dummy as well as the adjusted tenure variable from the second step 1 k=5x .
Estimation with the transition matrix
We extend the estimation to accommodate for more richness in the state variables.
(4.6)
To deal with this case, we can pre-compute (I − β 2 Π 2 ) −1 η for each observation. Each row of (I − β 2 Π 2 ) −1 indexes the current size, so (I − β 2 Π 2 ) −1 η is a discounted size. The same applies to the probabilities.
2. ∀k ∈ {1, 2, 3, 4, 6}.
( 4.7) 3. v j (x, 5, η) − v 5 (x, 5, η), ∀j ∈ {1, 2, 3, 4, 6}.
(4.8)
From the derivations above, one can see that we have the discrete choice analogy. All conditional value function differences can be expressed in the form:
where B depends only on the choice probabilities and the transition matrix Π.
Results

Baseline Model Results
Our baseline model accommodates for dynamics in a very simple way and can easily compare the static and dynamic models. In the dynamic model, the period payoff at period t from choice d t is the same as the utility from the static problem, except that the observed state variable x t and idiosyncratic error terms t are subscripted by time.
In Table 2 , we report the coefficients of the multinomial logit for the static and dynamic models.
If a firm decides to switch, it incurs a period cost θ 0 relatively to retaining the auditor in both the dynamic and static model. These costs are of the same magnitude for the dynamic and static model, 1.157 and 1.167 respectively. However, the estimation returns a very different output for the effect of auditor tenure because in the dynamic model, the firm makes decisions in multiple time periods, taking into account how its decision today impacts the value of making subsequent decisions tomorrow.
The coefficient of the static model on auditor tenure of 0.132 is four times higher than the coefficient of 0.026 of the dynamic model. This difference is due to the additional structure in the dynamic model that allows to disentangle the period utility from the expected future utility, and clearly provides evidence that the expected future value significantly changes the magnitude of the coefficient on auditor tenure. We estimate the decision of a firm to keep its incumbent auditor as a function of auditor tenure. Column (1) reports the results of the dynamic model in (2.6):
Column (2) In Figure 4 , we use equation (2.6) to measure the ratio of the expected future utility or value function to the period utility of retaining the same auditor relatively to replacing him, as a function of tenure. The ratio is steadily increasing in the auditor tenure. After 7 years of auditor tenure, the value function of retaining the auditor relatively to switching already accounts for 76.9% of the period utility. Beyond 11 years, the growth flattens, and the value function stabilizes at a level equal to the period utility. Overall, the importance of the expected future utility in retaining the same auditor increases over time. The fact that increase in value function slows down after 7 years suggests that 7 years is sufficient for the firm to determine whether the auditor is a good match, or alternatively, for the auditor to know the firm. Figure 5 reports the results of a simple and intuitive counterfactual analysis. We want to examine the effect in terms of total utility loss (in the present and in the future) of mandatory auditor rotation. Figure 5a compares the total utility loss of mandatory rotation to the firm as a function of auditor tenure in the dynamic and static model. In the dynamic model, a very short auditor tenure of less than 2 years is associated with a low total utility loss. However any additional year of tenure increases the value of the auditor to the firm, and between 2 and 7 years of auditor tenure, the firm's total utility loss grows fast. After 7 years of auditor tenure, the growth rate of the total utility loss slows down until 13 years of tenure. Between 7 and 13 years of tenure the total utility loss in the dynamic model is larger than in the static model because the expected future value plays more weight in the overall total utility of the firm. Beyond 13 years, the total utility's growth in the dynamic model slows down, and hence, the utility of the static model that grows proportionally to the auditor tenure overcome the total utility in the dynamic model.
To better understand the consequences of mandatory rotation, we evaluate the average number of years a firm needs to retain its subsequent auditor to break even. The exercise is to provide an intuitive number to faciliate comparisons across various cases. Specifically, a mandatory rotation imposes a In the static model, we apply the same reasoning, noting that in this special case, the total utility loss equals the period utility loss. By construction the number of years to break even after a switch from an auditor with a tenure of a given number of years is linear in the auditor tenure.
In Figure   5b , we analyze the trend of the break even number of years for the firm to recover from mandatory rotation. The firm's break-even point mirrors the impact of the expected future utility to recover from the initial total utility loss of switching. As time passes, the firm forgoes larger expected future utility losses, translating into a larger number of years to break even in the dynamic model than in the static model that fails to account for any long term consequences. If the auditor tenure is relatively short, i.e., less than two years, the recovery time is quick, less than 1.149 years. The recovery time quickly increases attaining 2.027 years if the firm replaces an auditor after 7 years of tenure. The number of years to break even continues to increase, but at a much slower pace, if the switch occurs beyond 7 years, mirroring the slowdown in the firm's expected future utility growth. If we interpret the results from the perspective of learning the matching quality between auditor and clients, learning seems to be most valuable between 3 to 11 years of auditor tenure. Beyond 11 years, the break-even number of years gradually levels out, meaning less new knowledge is gained over time whether this knowledge is about the match quality or learning by doing. In contrast, the static model fails to capture any deceleration in the learning curve because auditor tenure linearly affects the firm's utility. Figure 6 reports the incremental probability of keeping the auditor for 4 additional years as a function of the current auditor tenure. In the static model, the incremental probability of keeping the auditor for 4 additional years almost linearly decreases, and by construction, points to the largest incremental probability of keeping the auditor after 1 year of tenure. Instead, the dynamic model suggests that increasing auditor tenure by 4 years is the most valuable if there is an existing relationship between the auditor and the firm of 3 years. Extending auditor tenure by 4 years has a bigger impact in up to the point where it even has a negative impact of -0.3% on the probability of keeping the auditor from 11 to 15 years. Beyond 11 years of tenure, keeping the auditor for 4 additional years has a positive effect on the incremental probability of retaining the auditor again, implying the firm benefits slightly from very long auditor tenures. Beyond 7 years of auditor tenure 4 years of extended tenure does not increase the probability of keeping the auditor by a large percentage ranging from -0.3% to 2.99%. The marginal effects analysis reinforces the finding that the learning curve is especially steep in the early years of the auditor tenure. Overall between 5 and 10 years of tenure are crucial learning years for the firm. The result also suggests that inference can differ when using a dynamic model relative to a static model.
Extended Model
We estimate the firm's choice to keep or retain its auditor when it can choose among five other individual auditors. However the focus of the estimation is on differentiating between the Big 4 and non-Big 4 auditing firms. We regroup the Big 4 auditing firms in one category and leave the other non-Big 4 in another one. We set the coefficients of the different auditors belonging to each subgroup to be equal.
Panel A and B of Table 3 report the coefficients of the estimation in the dynamic and static models.
The intercept α ii represents the value of keeping auditor i against switching to the non-Big 4 auditor In the dynamic model, the intercept for keeping a Big 4 auditor relatively to switching to the non-Big 4 auditor 5 of 1.213 is slightly higher than the coefficient for keeping a non-Big 4 of 1.100.
However, the difference is not statistically different. If the firm has a Big 4 as an incumbent auditor,
it incurs an incremental cost of 2.922 in the short run to switch to another Big 4 versus a non-Big 4.
Although Big 4 auditors are typically seen as more alike than non-Big 4 auditors, the firm still incurs more cost to switch to another Big 4 in the short run because the market might react more negatively to such a decision and the new Big 4 auditor might charge higher prices to compensate for his risk to take on a new client. Our result also shows an even higher Big 4 premium in the short run when the firm switches from a non-Big 4 to a Big 4, and bears additional start up costs and expertise costs of 6.317, twice as big as for a firm with a Big 4 incumbent auditor and switching within the Big 4
auditors. The learning curve is almost twice faster with a Big 4 versus a non-Big 4, although the coefficient θ Big4 of 0.010 is marginally significant. 8 It takes less time for a Big 4 auditor to get up to speed with the business -to identify the risk areas and familiarize himself with how the firm works.
The static model, in contrast, does not exhibit the same magnitudes across auditor types. The value of keeping a Big 4 auditor is higher whereas the cost of switching is lower in magnitude compared to the dynamic model because the static model does not take into account the long run effects of the firm's decision and the coefficients absorb the short and long run effects. A major difference with the static model is related to the coefficient on keeping a Big 4 of 3.7118 much higher than the coefficient on keeping a non-Big 4 of 0.9972, and the coefficient on tenure is roughly the same for both types of auditors, 0.07. Figure 7 shows the probability of switching conditional on tenure. The probability of switching to a non-Big 4 is bigger than switching to a Big 4, regardless of the type of the incumbent auditor, and declines as tenure increases by roughly 5% after 15 years of tenure. The effect of tenure on the probability of switching to a Big 4 has very little impact. This graph shows that once we introduce the effect of auditor size to explain firms' decisions to switch, tenure plays a secondary role in determining whether to switch.
To evaluate the effect of mandatory auditor rotation when the firm can switch to an auditor of the same type or to a different type, we repeat the same analysis as in Figure 5 . We determine in this context the number of years that a firm needs to keep the same auditor to recover from the total utility loss after switching from an incumbent auditor with a given tenure. The results are displayed in Figure 8 . To understand the importance of forward-looking incentives in driving the results, we present in Figure 9 the proportion of loss driven by the period utility. incumbent auditor is mainly due to the period utility loss if the switch occurs within the Big 4, which represents at least 90% of the total utility loss. In contrast, the total utility loss if the switch occurs to a non-Big 4 is evenly split between the period utility loss and the future expected utility loss, regardless of the tenure of the incumbent auditor.
A firm starting with a non-Big 4 auditor experiences very different recovery times depending on its switching choice: if it switches to another non-Big 4, the recovery time is extremely quick, typically 1 year and a couple of months regardless of the tenure of the incumbent auditor. However a firm experiences a much higher recovery time with a switch to a Big 4, roughly 5 times higher if the incumbent auditor's tenure is less than 10 years. Switching to a Big 4 versus keeping a non-Big 4 is costly for the firm in terms of period utility losses. In contrast, the firm earns some future expected utility gain by choosing a Big 4. Switching to another non-Big 4 is associated with mainly period utility losses (at least 84%) and some expected utility losses that are slightly increasing in the tenure of the incumbent auditor, from 1% of total utility loss after a one-year tenure of the incumbent auditor through 12% of total utility loss after a 10-year tenure of the incumbent auditor to 16% of total utility loss after a15-year tenure of the incumbent auditor.
To summarize, one striking feature is the fact that switching to a Big 4 regardless of the incumbent auditor's type comes at a huger total utility loss: if the incumbent auditor is a Big 4, a switch to another Big 4 relatively to a switch to a non-Big 4 is on average 1.775 times more costly whereas if the incumbent auditor is a non Big 4, a switch to a Big 4 relatively to a switch to another non-Big 4 is even more costly, on average 5.128 times more. The total utility loss is mainly triggered by short run losses if the switch occurs to a Big 4, regardless of the incumbent auditor's tenure. A switch to a non-Big 4 auditor is associated with mainly period utility losses if the incumbent auditor is a non-Big 4, whereas the losses are more evenly distributed between the short and long run for a Big 4 incumbent auditor. 
Simulation and Counterfactual Analysis
From a theoretical point of view, a mandatory rotation rule could have both positive and negative implications.
Specifically, one of the main benefits that should accrue from imposing periodical audit firm changes is the increase in audit independence, which is believed to be impaired with long arrangements between the firm and the auditor. Second auditors earn as time passes client-specific quasi-rents (DeAngelo (1981)), and in order to avoid the loss of client-specific quasi-rent, the auditor has the incentive to act opportunistically, e.g., to soften audit controls, if this permits the incumbent auditor to retain the client in the future. Mandatory auditor rotation would mitigate this economic dependence.
Third, auditors can also become less diligent as time passes, and mandatory rotation allows the new auditor to assess the financial situation of the firm with a fresh pair of eyes. Fourth, anticipating the venue of a new auditor, the incumbent auditor towards the end of its tenure will have further incentive to provide a diligent work given that his successor will have access to his worksheets. Finally but not least, mandatory rotation could force the firm to expand his choice set beyond the typical Big 4
oligopoly.
Such a rule, however, comes at a cost. Changing the auditor results in costs potentially borne by both parties, the auditor and the firm. On one hand, if the relationship between auditor and client ends, the incumbent auditor loses his client-specific quasi-rent stream . A potential consequence might lead the auditor to charge higher audit fees. On the other hand, the client firm might suffer from start-up costs, loss of client-specific knowledge, and this can be translated into loss of quality of the service delivered. Specifically, the auditor needs to get familiarized with the accounting systems and the learning curve might be steep at the beginning. More complex and industry-specific businesses of the client can come at the cost of deeper and longer learning curve. Finally mandatory auditor rotation can allow firms to replace their current auditor by a more lenient auditor, e.g., using opinion shopping, without signaling their strategic choice.
In this counterfactual analysis, we quantify the firm's loss of utility, increase in switching rates in anticipation of the end of the mandatory term, and changes in auditor market shares associated with mandatory auditor rotation through several policy experiments. These experiments serve to provide a sense of the economic importance of accounting for forward-looking behavior. However, our analysis has its own caveats: we cannot measure the effect on audit fees (which are themselves derived from a choice and are highly likely to be correlated with the firm-specific-choice shocks in our model), the market reactions and the welfare implications.
In the policy experiments, we force firms to switch auditors after 5 and 10 consecutive years of engaging with the same auditor. If firms' optimal choice is to keep the existing auditor but they are forced to switch, we assume that they will choose their second best option. To ensure that the policy experiments resemble the data, we take the last year of our data as the starting point.
The simulation uses the point estimates of our baseline model (from Panel C of Table 3 ). We normalize the period utility of switching (from any auditor) to a non-Big 4 to zero. The simulation procedure relies on the assumption that our policy experiments do not change firms' preference for auditors. For example, forcing mandatory rotation does not change auditors' start-up costs or market perception of voluntary rotation. Because the parameters that enter period utility do not change, the policy experiment affects auditor choices through the expected future payoff.
The simulation follows the procedures below. First, we compute the ex-ante value functions for the original case of no mandatory auditor rotation as well as the two counterfactual cases of mandating rotation if tenure exceeds five years or ten years respectively. An ex-ante value function is the sum of discounted expected future payoffs given a firm's existing auditor and the auditor's tenure. It accounts for the possibility that the firm might switch away from a Big 4 or a non-Big 4 auditor in the future.
If a firm is subject to a mandatory rotation rule, it will take into account for the mandatory rotation if it always keeps its existing auditor.
Second, we take all the 8,881 firms in 2015, the final year of our sample. For each firm, we draw random shocks affecting the utility for each of the six auditors (4 Big 4 auditors and 2 non-Big 4 auditors) in the subsequent 100 years. The simulation therefore has a total of 532,860=8,881*6*10 random shocks. The random utility for each firm-year is the sum of the period utility, the expected continuation payoff computed in the first step, and the random utility. The firm chooses the alternative that generates the highest utility. The corresponding auditor choice and tenure will be used as the state variables for that firm in the next year. To compute the long run value, we average the outcomes between 51 years and 100 years.
We investigate several outcomes. The first outcome we examine is the average loss of total ex-pected utility (period utility and value function) that arises from the mandatory switching. To quantify the loss, we differentiate between two cases. In the first case, we examine firms that are immediately subject to the policy experiment. For example, suppose a firm has hired the same auditor for 10 years.
This firm will be forced to switch to another auditor and will therefore lose period and future expected utility.
In the second case, we examine firms that are not immediately subject to the policy experiment.
For example, suppose a firm hired an auditor for three years. This firm is allowed to keep hiring the same auditor. However, the mandatory rotation might reduce the firm's future expected utility. We express the loss in both cases in percentage terms relative to their utility before the policy experiment.
The second outcome we investigate is the evolution of market share since the policy experiment.
We define market share as the probability of firms choosing Big4 versus non-Big4. The outcome aims to examine the effect of mandatory rotation on the market structure. We also compute the percentage of involuntary switches, that is, the likelihood that firms that were forced to switch.
An advantage of this simulation is to take into account the effect of the choice specific shocks, i.e., t,k where k is the choice (keeping the current auditor, switching to an auditor of the same type or switching to an auditor of a different type), on the firm's choice. We determine the optimal choices.
Mandatory rotations are by construction suboptimal in our model because they do not reflect the optimal policy. By constraining the firms to keep their auditors for a maximum number of consecutive years, we take a suboptimal policy, the second best choice if the firm were to switch. Table 4 shows the predicted effects of mandatory rotation on a time horizon of 10 years, from 2016 to 2025 on the switching rate per year. Absent any mandatory rotation rule, the switching rate is between 23% and 26% whereas with mandatory rotation of 5 years, the switching rate is much higher, ranging from 29% and 37% translating into an increase between 8% and 12% depending on the calendar year. A 10-year mandatory rotation has more moderate effects on the switching rate, i.e., an increase between 2% and 6%. Table 5 reports the percentage of loss in future expected utility relatively to the setting absent any rotation rule in the years before the end of the mandatory tenure term. A 5-year rotation rule reduces the future expected value in a similar fashion for both firms with a Big 4 or non-Big 4 incumbent auditor. A firm that has an incumbent auditor with a one-year tenure bears a reduction in future utility 21%  27%  21%  2017  26%  22%  26%  22%  2018  26%  22%  26%  23%  2019  27%  23%  26%  22%  2020  26%  23%  25%  22%  2021  26%  23%  24%  22%  2022  26%  24%  26%  23%  2023  27%  24%  26%  23%  2024  27%  24%  26%  23%  2025  27%  23%  25%  22%  Long run  27%  24%  25%  23% by 5.6% with a Big 4 and 5.2% with a non-Big 4. The expected future losses increase as the firm gets closer to the end of the mandatory tenure term and attain 10.5% with a Big 4 and 10.0% for a non-Big 4, if the incumbent auditor has a tenure of 5 years. A 10-year mandatory rotation rule shows little effects in the earlier years of the tenure, i.e., a reduction by less than 3% for firms with a Big 4 incumbent auditor and 2.2% for firms with a non-Big 4 incumbent auditor with a tenure less than or 1.0% Tenure = 3 1.5%
1.2% Tenure = 4 1.8%
1.4% Tenure = 5 2.2%
1.7% Tenure = 6 2.8% 2.2% Tenure = 7 3.7% 3.0% Tenure = 8 5.0%
4.2% Tenure = 9 7.6% 6.7%
equal to 6 years. However, beyond 6 years of tenure, the expected future losses relatively to a setting absent any rotation rule sharply increase for both firms with Big 4 and non-Big 4 incumbent auditors by 7.6% and 6.7% respectively. Figure 11 measures the probability of switching as a function of tenure with and without the rule in place. In the early years of tenure, the increase in the probability of switching is marginal, 2% and 6% in the first two years of tenure. As we get close to the mandatory tenure term, the probability of switching jumps by 14% and 29% in the third and fourth year of tenure respectively. A 10-year mandatory rule exhibits the same trend where the sharpest increase in the probability of switching occurs in the last years before the mandatory term ends, attaining 51% in the year preceding the end of the mandatory term, which is the same magnitude as the switching probability in the last year preceding the end of the 5-year rotation term, as depicted in Figure 11b .
Finally, we assess the effect of mandatory rotation on the Big 4 market share in Panel E of Table 6. Our simulation shows a huge drop in the market share six years later after the rule is in place to attain an extremely low market share of 3% against 29% absent any rule. This drop is not realistic.
Next we try to understand what is causing this issue in the data. First, we assess the long term (or steady state) probability to have a Big 4 auditor in the entire sample conditional on switching, without taking account the effect of tenure. 9 The steady state probability to have a Big 4 is much lower and equals 35%, which gives some assurance that the data implies a decline in the Big 4 market share.
Other features in the data that the simulation so far does not take into account are the attrition rate of firms with a non-Big 4 auditor, which is much higher than for a firm with a Big 4 auditor, and a very large proportion of the new firms choosing a Big 4. Therefore, we need to correct the simulation to account for such differences. We use the attribution rates from our sample: 12% of non-Big 4 clients drop out and 6% of Big 4 clients drop out each year, which are replaced with a new firm that hires Big 4 with 77%. Incorporating such firm entry and exit dynamics does not change qualitatively the results for the switching rates. However, the market share for the Big 4 auditing firms absent of any 9 That is, let us define s, the steady state probability to have a Big 4 auditor. We now define the transition probabilities as follows: q and p are respectively the probability to switch to a non-Big 4 given that the incumbent auditor is a Big 4 and the probability to switch to a non-Big 4 given that the incumbent auditor is a Big 4. We multiply the probability vector (s, (1−s)) by the probability transition step matrix 1 − p p 1 −and get out the same exact probability vector to determine the steady state probabilities. In other words, nothing changed after the step. Hence, the steady state probability s is given by: (1 − p)s + (1 − q)(1 − s) = s, where p and q are provided by the data.
rule change declines at a much slower rate, starting at 54% in 2016 to achieve 35% in 2025 absent any mandatory rotation rule. The mandatory rotation rule decreases the market share of the Big 4 auditing firms, stabilized at 18%. Figure 12 shows the evolution of the market share of the Big 4 accounting for the attrition rates of firms and the new firms' auditor choices. 
Conclusion
Our paper offers a simple dynamic conditional choice probability model where the firm is a forward looking decision maker caring about the current payoff but also the stream of future payoffs of switching relatively to keeping the incumbent auditor. We can separate the firm's relative loss in surplus as a function of past auditor tenure and auditor size and the nature of the current switch, whether it occurs to a Big 4 or a non-Big 4 auditor. Although we are agnostic on the nature of these switching
costs, and what they actually represent, they affect the firm's surplus in the short and long run, and are an integral part of the firm's decision to keep or switch its auditor. Further, we rely on the assumption that there is learning process in reduced form, and our dynamic model will separate the positive effect of tenure in the short run from the long term value to the firm of keeping an auditor. However, our model does not distinguish between the learning about the quality match between the firm and the auditor and the auditor's learning by doing, and future research could focus on separating these two forms of learning.
The dynamics become especially important to measure how the firm anticipates mandatory rotation because it might significantly affect its decision to voluntarily switch its auditor before reaching the maximum years allowed for an audit engagement, and in turn, it might rebalance the market shares between the Big 4 and non-Big 4 auditing firms. This theory-based approach can serve as a basis to predict the impact of auditor rotation through several policy experiments. We show that mandatory rotation increases firms' switching rate prior to the tenure limit and reduces the Big 4 market share.
Our analysis has its own caveats: we cannot measure the effect of auditor rotation on audit fees (which are themselves derived from a choice and are highly likely to be correlated with the firmspecific-choice shocks in our model), the market reactions and more importantly, welfare implications. We still provide some relative economic magnitudes of the loss in surplus at firm level, disentangling the short and the long run consequences. We hope to open doors to more future research tying theory-based measures to evaluate policy implications in the auditing field. A lot of questions remain unanswered, and call for richer ingredients to gauge the impact of auditor rotation on interested parties.
